The extracellular phytase structural gene was isolated from phytopathogenic fungus Fusarium oxysporum using PCR amplification (GenBank accession number KC708486). The gene possesses an open reading frame of 1,514 bp and two coding regions 1-44 and 156-1458 with one intron (45-155). The phy gene from F. oxysporum (Fophy) encodes a putative phytase protein of F. oxysporum (FoPhy) of 448 amino acids, which includes a putative signal peptide (21 residues). The deduced amino acid sequence of FoPhy exhibits 98% sequence identity with Aspergillus niger and Aspergillus awamori phytases. The deduced protein sequence contains the consensus motifs (RHGXRXP and HD), eight conserved cysteine residues and ten conserved putative N-glycosylation sites, which are conserved among histidine acid phosphatases. Computed structural model of FoPhy was found to consist of mixed α/β motifs and probable loops. The predicted model resembles the structure of Aspergillus niger phytase (root mean square deviation 0.23Å). Ramachandran plot analysis revealed that 95.0% portion of residues fall into the most favourable regions. The predicted three-dimensional structures of FoPhy on molecular docking with substrates like inositol hexaphosphate, inositol hexasulphate and N-acetyl D-glucosamine showed its interaction with conserved histidine and aspartic acid residues in the active site, as also known for other fungal phytases. This study provides a detailed identification and characterization of the phytase from F. oxysporum, which may be helpful in elucidation of its role in pathogenesis and other transcriptional and expression studies.
Introduction
Phytate (myo-inositol hexakisphosphate) is an important constituent of cereals, oilseeds and grains (Rao et al. 2009 ). Phytases (myo-inositolhexakisphosphate phosphohyrolases) are enzymes that catalyze the breakdown of phytate into inorganic phosphorus and myoinositol phosphate derivatives . It is found in animals, plants and microorganisms. Filamentous fungi are most suitable source of phytases due to their easy cultivation and high productivity. Aspergillus, Penicillium, Mucor and Rhizopus are widely known for phytase production (Vats & Banerjee 2004) .
Fusarium oxysporum is an important and cosmopolitan fungal species commonly found in soil (Gerlach & Nirenberg 1982) . The different formae speciales of F. oxysporum are responsible for wilt and root rot of more than hundred economically important plants (Kistler et al. 1998) . F. oxysporum is known to infect soybean roots and causes soybean root rot, a widespread and destructive disease of soybean (Li & Ma 2012) . Recently, phytase activity was reported from endophytic fungus Rhizoctonia sp. and Fusarium verticillioides, isolated from leaf, stem and root fragments of soybean (Marlida et al. 2010) . Similarly, phytase activity is reported for F. oxysporum, a soil isolate (Betancur et al. 2012) . Phytases are widely known and characterized from many bacteria and fungi. phyA gene was identified from phytopathogenic bacteria Xanthomonas oryzae and its role in pathogenicity is known (Chatterjee et al. 2003) . Similarly, appA was isolated from Pectobacterium wasabiae, a bacterium causing soft rot disease in plants, but the role of this gene in pathogenicity was not known (Na et al. 2008) . But there is no information avail-1284 I. Gontia-Mishra et al. able about phytases from phytopathogenic group of fungi.
In this study F. oxysporum was isolated from soybean roots, causing root rot of plants. We report the PCR amplification and molecular characterization of the phy gene from F. oxysporum. The study was undertaken for the in silico characterization of the phytase, to identify and characterize the coding sequence, and to model the tertiary and quaternary structure along with docking studies focused on the active sites residues of putative phytase protein of F. oxysporum (FoPhy).
Material and methods
Strain, media and phytase activity The phytopathogenic fungus Fusarium oxysporum was isolated from the roots of soybean infected with root rot disease and was used as a source of phytase. The culture was maintained on potato dextrose agar medium. Phytate specific medium (PSM) containing 1.5% glucose, 0.5% (NH4)2SO4, 0.05% KCl, 0.01% MgSO4.7H2O, 0.01% NaCl, 0.01% CaCl2.2H2O, 0.001% FeSO4.7H20, 0.001% MnSO4.H20, pH 6.5, with 0.5% calcium phytate, 1.5% agaragar was used to screen phytase production by the strain . Fungal culture was inoculated in PSM agar medium containing calcium phytate (0.5%) as sole source of phosphorus. Plates were kept for incubation at 30
• C for 5 days. After incubation, zones of clearing around the fungal growth on PSM agar plates were observed. The zone of clearing around the fungal growth is indicator of phytase production. Counterstaining for confirmation of phytase activity was performed for the positive isolates according to the method of Bae et al. (1999) . The enzyme activity was estimated according to the method described by Engelen et al. (1994) . Determination of optimum pH and temperature of the enzyme were carried out according to .
PCR amplification of phy gene
To identify the gene coding for the phytase enzyme, DNA was extracted and primers for PCR amplification were designed on the basis of the consensus regions of known phy gene sequences from Aspergillus niger (AB022700; AY426977), Aspergillus awamori (DQ192035) and Penicillium oxalicum (AY071824). The primers phyF (5'-ATGGGCGTCTCTGCTGTTCTA-3') and phyR (5'-CAATCACCSCCAGATCTAGC-3') were used to amplify a 1.5 kb fragment of phy gene. PCR amplification was performed in a final volume of 50 µL containing genomic DNA (50 ng), 20 pmol of both the primers, mixture of dNTPs (Sigma) (each at a concentration of 200 µM), 10X Taq polymerase buffer and 2.5 U of Taq DNA polymerase (Sigma). The reaction conditions were as follows: an initial denaturation step at 94
• C for 4 min, 30 amplification cycles of denaturation at 94
• for 1 min, annealing at 55
• C for 1 min and primer extension at 72
• C for 2 min, followed by a final extension at 72
• C for 10 min with a Thermo-Hybaid PCR thermal cycler (Thermo Fisher Scientific, USA). The phy gene sequence from Fusarium oxysporum (Fophy) was determined by PCR direct sequencing (Chromous Biotech, Bangalore).
Sequence alignment and phylogenetic analysis BLAST tool (Altschul et al. 1990 ) was used to find out as to what extent conserved regions of the FoPhy matches with consensus regions of the proteins from other species. These protein sequences were used for multiple sequence alignment using the program Clustal-W2 available at: http://www.ebi.ac.uk/Tools/msa/clustalw2/. Phylogenetic tree was constructed using the MEGA5 software (Tamura et al. 2011 ). The evolutionary history was inferred using the neighbour-joining method and distances were computed using the Poisson correction method with 500 bootstrap value and mentioned as the units of the number of amino acid substitutions per site (Saitou & Nei 1987; Zukerlandl & Pauling 1965) .
Physicochemical properties and structural classification of protein FoPhy Superfamily and conserved domains of FoPhy were analyzed using the InterProScan (http://www.ebi.ac.uk/Tools/pfa/ iprscan/) and the NCBI Conserved Domain Database (http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml), respectively. Protparam (http://web.expasy.org/protparam /) was used to find out the physicochemical properties, including molecular weight, theoretical pI, amino acid composition, atomic composition, instability index, grand average of hydropathicity, etc. (Gasteiger et al. 2005) . Likewise, Chou-Fasman Secondary Structure Prediction server (http://www.biogem.org/tool/chou-fasman/) and PSIPRED protein structure prediction server (http:// bioinf.cs.ucl.ac.uk/psipred/) were used for secondary structure-based classification. Primary structure of FoPhy was analysed for N-glycosylation sites, protein kinase sites and myristoylation sites by PROSCAN.BASE (http://npsapbil.ibcp.fr), whereas search for total phosphorylation sites was performed by Net Phos2.0 server (http://www.cbs.dtu. dk/services/NetPhos/). Signal peptide cleavage site for the deduced amino acid sequence was predicted using SignalP 4.1 server (http://www.cbs.dtu.dk/services/SignalP/). Euk-mPLoc 2.0 (http://www.csbio.sjtu.edu.cn/cgi-bin/ EukmPLoc2.cgi) was used to predict subcellular location of predicted protein.
Homology modelling, structural analysis and verification To find out the function of FoPhy, three-dimensional structure model was constructed using the program Swiss-Model (http://swissmodel.expasy.org/) (Arnold et al. 2006 ). The modelled tertiary structure was built using the best sequence homology and high resolution crystal structure of phytase (used as template) from Aspergillus niger (gi|299856722|pdb|3K4P|A). The structural model was subjected to energy minimization using the Swiss-PdbViewer (Guex & Peitsch 1997) . Its structural analysis and verification were done using a variety of tools, like stereochemical quality assessment by PROCHEK (Laskowski et al. 1996) and RAMPAGE (Lovell et al. 2002) , analysis of statistics of non-bonded interactions between different atom types by Errat (Colovos & Yeates 1993) and compatibility of an atomic model (3D) with its own amino acid sequence (1D) by Verify3D (Luthy et al. 1992) .
Potential deviations were calculated with SUPER-POSE web server (http://wishart.biology.ualberta.ca/cgibin/) for root mean square deviation (RMSD) between Aspergillus niger phytase structure retrieved from the Protein Data Bank (PDB) (PDB ID: 3K4P) and developed model. For detection of structural similarity, protein fragments of definable length were taken and superimposed. A maximum number of Cα atoms show- ing a distance below 1.8Å and an RMSD below 2.0Å were used to quantify the similarity of protein folds and to identify the best superimposition of the two protein structures (Lessel & Schomburg 1994) . To check the potential errors in tertiary structure model, Z-score value was calculated and compared with template by ProSAweb tool (https://prosa.services.came.sbg.ac.at/prosa.php), which indicates the overall quality and is used to check if the input structure is within the range of scores typically found for the native proteins of similar size (Wiederstein & Sippl 2007) .
Active site identification and molecular docking Active site of modelled FoPhy protein was analysed using the Pocketfinder (http://www.modelling.leeds.ac.uk/ pocketfinder/). Docking studies were performed with inositol hexaphosphate (IHP), inositol hexasulphate (IHS) and N-acetyl D-glucosamine (NAG) as ligands. IHS and NAG are substrate analogues of IHP. The structure of IHP, IHS and NAG in SDF file (ligand) were retrieved from PubChem site (http://www.ncbi.nlm.nih.gov/pccompound) and converted to a PDB file using OpenBabel 2.3.2a (http:// openbabel.org/). The enzyme-ligand docking was performed using the DockingServer (http://www.dockingserver.com/) and visualization with Discovery Studio Visualizer v10.8 (http://accelrys.com/products/discovery-studio/). Docking calculations were carried out on the protein model. Essential hydrogen atoms, Kollman united atom type charges, and solvation parameters were added with the aid of AutoDock tools. Affinity (grid) maps of 20×20×20Å grid points and 0.375Å spacing were generated using the Autogrid program (Morris et al. 1998) . AutoDock parameter set-and distance-dependent dielectric functions were used in the calculation of the van der Waals and the electrostatic terms, respectively. Docking simulations were performed using the Lamarckian genetic algorithm. Each docking experiment was derived from 10 different runs that were set to terminate after a maximum of 250000 energy evaluations. The population size was set to 150. During the search, a translational step of 0.2Å, and quaternion and five steps of torsion were applied.
Results
Phytase activity and Fophy gene amplification F. oxysporum produced a clear zone around its growth on PSM agar medium (Fig. 1) . Counterstaining was also performed to visualize the zone of clearing. The isolate registered specific activity for sodium phytate of 0.78 U/mL. Both pH and temperature optima for the phytase activity of the isolate were pH-5.5 and 37
• C, respectively (Fig. 2) . The PCR amplification of phy gene was carried out to confirm the phytase activity of the isolate. An amplification product of ∼1.5 kb was obtained and sequenced. The gene had an open reading frame of 1,514 bp and the coding region of the gene were from 1-44, 156-1458 and had one intron (45-155). The Fophy gene encodes a protein (FoPhy) of 448 amino acids residues. The Fophy was deposited with the NCBI GenBank under the accession number KC708486.
Sequence alignment and phylogenetic analysis The FoPhy primary structure was used as a query to find out the similar protein sequences in different species using the BLASTp. The BLAST search against non-redundant database resulted in nine FoPhy homologues, which were aligned. The BLAST search against the PDB resulted into four homologues of FoPhy, which were used for multiple sequence alignment as shown in Figure 3 . Phylogenetic analysis of all nine homologues exhibited a close similarity with phytase of Aspergillus awamori (ABA29207) (99%) and Aspergillus niger (BAA74433) (99%). However, the BLAST search in Figure 4 . Sequence alignment of FoPhy with nine sequence homologues and seven structural homologues showed leucine, glycine and serine as the most conserved amino acid residues.
Physicochemical properties and structural classification of protein FoPhy
The physicochemical parameters deduced from FoPhy on Protparam application demonstrated correspondence with 448 amino acids and molecular weight of 48.83 kDa. The computed pI was 4.85. The highest frequency of amino acids present in the sequence were as follows: serine (11.2%), leucine (8.9 %) and followed by threonine (8.5 %) as indicated in Table 1 . Tryptophan and methionine exhibited the lowest frequency of 0.7 % and 1.3%, respectively. The sequence contains about 48 negatively charged (Asp+Glu) and 29 positively charged (Arg+Lys) residues. The value of aliphatic index, instability index and the grand average of hydropathicity were 77.05, 46.47 and -0.224, respectively. The secondary structure analysis revealed a 54.2% frequency for α-helix, 43.7% for β-sheet and 12.1% (very low) for a turn (Fig. 5) . The secondary structure of FoPhy predicted by the PSIPRED revealed the presence of nine β-strands and ten α-helices. SignalP result displayed that amino acid sequence is a secretory protein with the first 21 residues forming the signal peptide, i.e. the peptide bond between the 20 th and 21 st amino acids would be cleaved by signal peptidase. By using the Euk-mPLoc it was found that protein was extracellularly secreted and do not have a cellular localization. Nglycosylation sites of the protein were also analyzed and the results indicated that there were ten potential Nlinked glycosylation sites of the protein: NQS (27), NKS (59), NAT (105), NYS (120), NNT (207), NFT (230), NHT (339), NST (352), NGT (376) and NIT (388), respectively. The PROSCAN.BASE search revealed 6 N-myristoylation sites and 5 protein kinase C phosphorylation sites in the FoPhy protein. The overall phosphorylation site search analysis by NetPhos 2.0 server exhibited nineteen, four and three serine, threonine and tyrosine phosphorylation sites, respectively. In similarity with phytases from other eukaryotic microorganisms, the deduced 448-amino-acid sequence also contained the consensus motifs RHGXRXPT (N-terminal; positions 81-87) and HD (C-terminal; positions 361-362), which are conserved among histidine acid phosphatases. In addition, the deduced amino acid sequence also had eight conserved cysteine residues at positions 31, 40, 71, 215, 264, 282, 414 and 436, a unique feature of fungal histidine acid phytases (HAPhys). The FoPhy sequence with its conserved above-mentioned features is shown in Figure 6 .
Functional annotation of FoPhy
NCBI-conserved domain analysis demonstrated FoPhy to be a member of histidine phosphatase superfamily (cl11399) having histidine phosphatase domain (cd07061) found in histidine acid phosphatases and phytases that contain a histidine residue which is phosphorylated during the reaction. The InterProScan, an integrated database of predictive protein signatures, IPR000560 clearly depicted that the query protein FoPhy was within the larger set covered by the histidine acid phosphtase family PIRSF000894. Comparative homology modelling, structural analysis and verification For a comparative homology modelling of FoPhy, the crystal structure of Aspergillus niger 3-phytase (PDB ID: 3K4P) was used as template with 95% sequence identity and E-value 0.00e −1 and viewed with the Swiss-PDBViewer. The tertiary structure model for FoPhy generated using the Swiss-Model workspace (http://swissmodel.expasy.org) is shown in Figure 7a . The energy of the structural model for FoPhy was calculated using SwissPDB Viewer in which the non-bonded energy was -13326.36 kJ/mol, electrostatic energy - ProSA-web Z-scores of all protein chains in PDB determined by X-ray crystallography (light blue) or NMR spectroscopy (dark blue) with respect to their length. The ProSA-web result indicates that protein structure has features characteristics for native structures. Z-score for template and target protein structure was highlighted as large dot -8.38 and -8.13, respectively. 10881.64 kJ/mol and total energy -20047.18 kJ/mol. Physics-based energy calculations are aimed at the interatomic interactions that are physically responsible for protein stability in a solution especially, non-bonded interactions (van der Waals) and electrostatic interactions. Electrostatics energy is important for defining protein structural specificity, stability and molecular recognition (Pokala & Handel 2004) . The use of these methods is based on the hypothesis of protein folding, which predicts that the protein in its native state has the lowest energy, thus exhibiting maximum stability (Vorobjev & Hermans 2001) . In this case of modelled FoPhy, stability was good based on minimum total energy. Furthermore, the structural validation and quality assessment of the model was carried out using various tools, such as PROCHEK, RAMPAGE, Errat, Verify 3D, RMSD and Z-score. RAMPAGE output in the form of Ramachandran plot showed 95.4% of residues in the most favoured region, 4.6% in the allowed region and none in the disallowed region (Fig. 7b) , which was a EFEB, estimated free energy of binding (kcal/mol); EIC, estimated inhibition constant Ki; WHDE, van der Waals + H-bond + desolving energy (kcal/mol); EE, electrostatic energy (kcal/mol); TIE, total intermolecular energy (kcal/mol). validating the model. Similar results were depicted for the model using PROCHEK. The PROCHEK analysis gave a G-factor average score of -0.02 which indicated the best model property of FoPhy protein model (Table 2). The result obtained by Errat measured an overall quality factor of 91.00 and Verify3D demonstrated 92.03 of residues had an average 3D-1D score >0.2 and this also supported the above findings. Moreover, the model quality was analyzed by comparing the model and crystal structure in terms of the RMSD, which reflects the results of a structural superimposition of the target and the template structures (Fig. 8a) . The overall RMSD between FoPhy and 3K4P (chain A) is 0.23Å (Cα); 0.26Å (back-bone); 0.38Å (heavy atoms); 0.38Å (all atoms) which indicated the reliability of the structure and its close similarity to the template protein.
To check the potential error, in the structural model, Zscore value was calculated by ProSA-web tool, which is indicative of the overall quality and was used to check if the input structure was within the range of scores typically found for the native proteins of similar size. The Z-score was -8.38 (Fig. 8b) for the template and -8.13 for the model (Fig. 8c) , suggesting further a close similarity between the template and the query structure. The final model was submitted to the Protein Model Data Base (PMDB; http://mi.caspur.it/PMDB/) with the PMDB ID: PM0078910.
Active site identification
Among the ten binding sites obtained from Pocketfinder, site 1 is highly conserved within the active site of the template. The predicted site 1 consisted of 1116Å 3 site volume out of the 38411Å 3 of protein volume. The residues in site 1, Gln50, Tyr51, Arg81, His82, Arg85, Pro87, Thr88, Lys91, Tyr95, Arg165, Glu202, Ala203, Ser204, Ser206, Asn208, Asp211, Pro212, Gly213, Thr214, Phe218, Glu219, Ser221, Glu222, Leu223, Ala224, Asp225, Glu228, Thr232, Phe235, Val236, Thr255, Thr258, Tyr259, Met261, Asp262, Phe266, Tyr293, Leu296, Gln297, Asn300, Lys301, Tyr303, Gly304, His305, Asn309, Gln315, His361, Asp362, Asn363, Gly364 and Ser367 are similar with the active site of the template. Hence, site 1 has been selected in this study as the most favourable site for docking.
Docking studies of FoPhy with IHP, IHS and NAG Docking calculation of IHP with FoPhy showed 50% frequency with total intermolecular energy +24.38 kcal/mol and the inhibition constant Ki was not calculated (Table 3 ). The binding site of IHP consisted of amino acids His361, Arg165, Arg85, Asn363, Arg81, Lys301 (involved in hydrogen bonding), His305, His82, Asp362 (involved in polar level interaction) and Asn300 (involved in other interaction). Likewise, docking calculation of IHS with FoPhy showed 90% frequency with total intermolecular energy +33.99 kcal/mol and the inhibition constant Ki was 4.6 µM ( Table 3 ). The binding site of IHS consisted of amino acids Lys301, Asn363, Arg85, Arg165, His305, His82, Tyr51, His361 (involved in hydrogen bonding) and Arg81, Gln50, Asp211, Asp362 (involved in polar level interaction). Similarly, docking calculation of NAG with FoPhy showed 90% frequency with total intermolecular -4.37 kcal/mol and the inhibition constant Ki was 3.47 mM (Table 3 ). The binding site of NAG consisted of amino acids Asp362 (involved in hydrogen bonding), Arg85, Tyr51, Lys301, Gln50, Arg81, Arg165 (involved in polar level interaction), His361 (hydrophobic interaction) and His82, Asn363 (other interaction). The best scoring pose with least free binding energy and the pose having more energetically favourable ligand docking were selected and presented in Figure 9 . The novel FoPhy-IHP, FoPhy-IHS and FoPhy-NAG complexes have been submitted to PMDB with the PMDB ID: PM0078912, PM0078913 and PM0078914, respectively.
Discussion
The results presented in this study make the first attempt to characterize a novel protein FoPhy from the phytopathogenic fungi Fusarium oxysporum using bioinformatics approaches. The prediction through sequence alignment, phylogenetic analysis, motif identification, functional annotation and structure analysis by homology modelling, along with the active site identification and interaction with IHP, IHS and NAG, explicated FoPhy as a homologue of phytase having conserved N-and C-terminal conserved residues as also known for phytases from organisms such as A. niger, A. fumigatus and others (Pasamontes et al. 1997; Zhang et al. 2007 ). The amino acid sequence alignment highlighted a high degree of sequence conservation supporting the prediction that FoPhy possesses a similar function as that of phytases from other fungi. The phylogenetic analysis also indicated the above facts. The deduced amino acid FoPhy sequence had ten potential Nlinked glycosylation sites and eight conserved cysteine residues, which are unique features of fungal HAPhys. Glycosylation of phytase enzyme helps in folding of the protein to generate active site and also aids in maintaining thermal stability and activity of the enzyme (Gontia et al. 2012) . These eight conserved cysteines of FoPhy form a network of disulphide bonds that allow for the convergence of sequences necessary for the proper molecular architecture required for folding and specific function of the protein. The disulphide bridges formed by cysteine residues are not directly involved in the catalytic function of HAPhys, but perform an important role in maintaining the proper three-dimensional structure of the protein for its catalytic activity (Vats & Banerjee 2004; Wang et al. 2004 ). Its close structural similarity with the template phytase from A. niger (PDB ID: 3K4P; Fig. 7 ) is suggestive of a functional similarity with a phytase.
The low RMSD value of superimposition indicated a high similarity among the target and the template structure. The active site residues were determined using Pocketfinder and were revealed to be similar to that of template. The tertiary structure of FoPhy-IHS and FoPhy-NAG complexes (Fig. 9b,c) were found close to A. niger crystal structures complexed with IHS (3K4Q) and NAG (3K4P), respectively (Oakley 2010) . Such a high conservation of structure and residues involved in the enzymatic mechanism cannot be coincidental and strongly suggests that the FoPhy has a very similar function to that of phytases. Similarly, crystal structure of Debaryomyces castellii phytase from (PDB OD: 2GFI) is known to form a complex with NAG; a dimer of this enzyme forms complex with five NAG molecules (Ragon et al. 2009 ). It was observed from the docking studies that conserved His82 and Asp362 residues are involved in interaction with the substrate (IHP) and substrate analogues (IHS and NAG). HAPhys family possesses a conserved active-site motif -RH(G/N)XRXP -for binding and catalysis and a downstream (HD) motif for substrate binding/product leaving. The histidine residue of fungal phytases has been proposed to serve as a nucleophile in the formation of phosphohistidine intermediate and the aspartic acid residue in the HD motif might protonate the substrate leaving group (Oakley 2010) . It could be concluded from the docking studies that IHP acts as a substrate, whereas IHS and NAG act as inhibitor as they have an inhibition constant (Ki), but all of them share similar binding sites in their interaction with FoPhy.
It is noteworthy that phytase has not yet been characterized in any phytophatogenic fungi although there is a report on the presence of this enzyme in phytopathogenic bacteria Pectobacterium wasabiae and Xanthomonas oryzae (Chatterjee et al. 2003; Na et al. 2008) , the role in pathogenicity being known for the latter. F. oxysporum showing a good growth on PSM, which contains phytate as the sole source of phosphorus, further validates the function of FoPhy as a phytase, which is also designated through in silico predictions. It also showed 0.78 U/mL of phytase activity with pH-5.5 and 37 • C as pH and temperature optima, respectively. To the best of our knowledge, this is the first study to show a quantitative estimation of phytase activity from F. oxysporum. Physicochemical property analysis (computed pI) of FoPhy also predicted that this enzyme functions best in acidic environment. Phytase often has a low-pH optimum range (pH = 4.5-6.0) with a rapid drop in activity at pH value above 6.0 (Marlida et al. 2010) . Thus, the in silico prediction about the function of FoPhy was experimentally validated under the wet-lab conditions. Most of the phytopathogens have shown to influence their hosts by secreting effector proteins, which may help to overcome host defences and aid in the proliferation of the pathogen into the plant (Knogge 1996) . Secretion serves as an important mechanism for delivery of pathogenicity factors into host tissue. In our case Euk-mPLoc and SignalP analysis showed that the protein is extracellularly secreted and may help in pathogenicity. In summary, we described the identification of Fophy gene from F. oxysporum, which encodes a secretory protein and our data indicate that it is involved in utilization of phytic acid as a phosphate source. F. oxysporum is a saprophytic fungus, and thus phytase may have evolved to support the fungi in surviving on decaying organic matter rich in phytate. Further the role of FoPhy in pathogenesis of plants needs to be unveiled experimentally. It is possible that phytases may exist in other phytopathogenic fungi. This study further extends our knowledge of fungal phytases by providing a detailed characterization of the phytase from F. oxysporum, which may be helpful in elucidation of its role in plant patho-genesis and other transcriptional and expression studies.
